Background: There is a successful outcome after surgical management of spinal
| INTRODUCTION
Spinal arachnoid diverticula (SAD) is a fluid accumulation in the subarachnoid space causing signs of neurological dysfunction such as paresis, spinal ataxia, urinary and fecal incontinence because of a secondary compressive myelopathy. [1] [2] [3] [4] [5] [6] [7] It occurs in humans and companion animals, including dogs and cats. 2, [7] [8] [9] In dogs, SAD occurs in cervical and thoracolumbar areas. 2, 3, 7, 10, 11 Common breeds affected by SAD in the cervical area include Pugs, Rottweilers, and Labrador
Retrievers, 3, 7, 10 whereas in the thoracolumbar area Pugs, French bulldogs, and West Highland white terriers seem to be more frequently affected. 3, 4, 6, 7 Large and giant breed dogs are predisposed to have cervical SAD and middle to small breed dogs are predisposed to develop thoracolumbar SAD. 2, 7 Medical and surgical treatments of SAD are described in dogs. [3] [4] [5] [6] [12] [13] [14] Surgical treatment has a better outcome in comparison to medical management. 12 Surgical treatment outcome success of cervical and thoracolumbar SADs does not differ significantly. 12 Success rates of surgical management of thoracolumbar SADs in various breeds are up to 82%. 3, 12 In Pugs, mostly surgical management of SAD with various results is reported. [3] [4] [5] [6] 15, 16 Successful outcome after surgical treatment of SAD reaches up to 75% in Pugs. [3] [4] [5] [6] 15 Reported follow-up period ranges from 2 months to a few years, with a follow-up of 6 months or longer being available only in 6 Pugs. 
| MATERIALS AND METHODS
The current study is in accordance with local ethical and welfare committee guidelines of all involved veterinary centers.
The study was performed at 3 veterinary centers-Small Animal Surgical procedures included standard hemilaminectomy (16 cases) and dorsal laminectomy (9 cases) approaches followed by identification of externally bulging dura mater and excision of the abnormal part of the dura mater using beaver blades or No. 11 surgical blades.
Durectomy was performed with an attempt to remove the diseased dura mater until the edge of the adjacent normal dura mater. The adhesions between the arachnoid and the pia mater (if they were present) were either gently dissected from each other or it was left untouched with only the bulging part of the dura mater removed. In 5 of 25 cases, the dura mater was marsupialized with 2 stitches using 5/0 nonabsorbable suture material. Edges of the excised dura mater were sutured to the remnants of the articular capsule dorsally and ventrally. After surgery, the dogs were either hospitalized or sent home with standard anti-inflammatory, analgesic medications, or both, according to the protocols of the different institutions.
Histopathological examination of the excised dura mater was per- Histopathological examination of excised dura mater was available in 12 cases. In 6 cases the dura mater was fibrotic, in 5 cases it was infiltrated with inflammatory cells (Figure 1 ), in 4 cases normal or thickened dura mater was found, and in 1 case signs of hemorrhage were confirmed. In 1 Pug, postmortem examination was performed and dural fibrosis with leptomeningeal adhesions were confirmed with white matter changes including gliosis, axonal degeneration, and syringohydromyelia.
In dogs with recurrence of signs of neurological dysfunction, follow-up MRI examinations revealed recurrence of the SAD in 2 cases, formation of new SAD in other 2 cases, and advanced intramedullary T2W hyperintensity, syringomyelia, or both in 6 cases ( Figures 2-4 ).
| DISCUSSION
In the current study we found that 80% of Pugs show improvement of signs of neurological dysfunction within the first 6 months after surgical treatment of SAD. We believe that short-term improvement prevalence is even higher as 1 of the dogs with short-term deterioration acutely deteriorated owing to suspected traumatic event. However, in 85% of the dogs with initial improvement, deterioration of clinical signs was observed in the time period between 7 and 48 months after the surgical treatment. Therefore, long-term outcome rate in the current study was much lower compared to studies which included various dog breeds with SAD. In studies describing outcome after surgical treatment of SAD including all dog breeds, there was improvement in 66% and 82% of the cases with median follow-up of 23 months (15 and 38 surgically managed cases included). 3, 12 In another study with 13 dogs suffering from SAD, there was postsurgical improvement in 66% of cases with follow-up period ranging from 6 to 30 months. 14 Recurrence of signs of neurological dysfunction in dogs with initial improvement occurred in 25% of the cases in the previous study which included 15 surgical cases of SAD, 3 and only a few cases of recurrence are reported in 2 studies with 38 and 14 surgical cases involved. 12, 18 In the current study, short-term outcome rates are similar to the follow-up results in all dog breeds. In contrast, long-term outcome differs substantially compared to the published outcome in a population of various breed dogs.
Specific outcome in Pugs is reported in few studies. A moderate negative correlation (r = 0.50) was detected between the duration of clinical signs before presentation and the onset of recurrence of signs of neurological dysfunction, which differs from the results of the previous study. 12 On the other hand, shorter duration of signs showed a trend for prediction of better outcome after surgical procedure in a study with 7 dogs suffering from SAD. 16 Experimental studies showed that rats with longer lasting stationary chronic spinal cord compression have irreversible damage of the myelon because of exhaustion of the compensatory mechanisms, which might be true for dogs as well. 19 Current study findings might be used to recommend Pug owners to perform the surgery in a shorter period of time after SAD diagnosis. Intraoperative marsupialization and dissection of leptomeningeal adhesions did not influence the outcome in the current study. Marsupialization association with outcome was not statistically evaluated in previous studies, but the procedure was encouraged in a few previous publications. 3, 16, 20 On the other hand, other authors suggest that leptomeningeal adhesion dissection is a more important positive outcome predicting factor, 6 but currently there is no supporting data. Disc degeneration is associated with the biomechanical changes of the vertebral column. [22] [23] [24] Pugs have higher rate of hemivertebra in their thoracic spine associated with signs of neurological dysfunction compared to other screw-tailed brachycephalic breeds. 25 In 2 case series, 3 of 5 Pugs had hemivertebrae and 1 of 5 Pugs had spondylosis deformans in the vertebra associated with SAD. 4, 6 Facet joint malformations of the vertebral column in Pugs are associated with constrictive myelopathy. 26 Although in the study of Pugs without signs of neurological dysfunction, 97% of them had thoracic vertebral articular process aplasia or hypoplasia, 21 dogs in this investigation were younger in comparison to our study population raising the suspicion that clinical sequela of this malformation might occur later in life. Therefore, Pugs are predisposed for thoracic spine malformations which might lead to secondary myelopathies including formation of SAD.
In 58% of cases, IVDD was detected in the associated vertebra. Our findings differ from findings of other studies with various dog breeds suffering from SAD involved, but our findings are similar compared to studies where Pugs were investigated. Intervertebral disc disease is a rare concurrent finding in dogs of other breeds affected with SAD with prevalence ranging from none to 7%. 3, 12, 18 In contrast, IVDD was found in 60% (3/5) and 40% (2/5) of Pugs suffering from SAD in 2 studies. 4, 6 Concomitant SAD and IVD herniation seem to have a higher prevalence in Pugs compared to other breeds possibly because of the previously discussed conformation of the vertebral column, which might result in increased mobility, accelerating disc degeneration, and protrusion. Follow-up MRI was performed in 8 dogs. Recurrent or new SAD formation was present in 50% (4/8) of dogs in our investigation. This complication was detected in only 2 of 7 dogs in another study. 16 Surgery performed on recurrent SAD seem to resolve the clinical signs for unknown period of time. 16 A surgical technique was introduced to address the leptomeningeal adhesions by shunting the affected area. 30 Although some dogs treated with this surgical method still had persistent signs of neurological dysfunction and the follow-up period in the majority of cases was quite short, Pugs included in the study showed quite positive outcome. 30 Herniation of the spinal cord through the laminectomy defect and laminectomy membrane formation are observed in follow-up MRIs of dogs with recurrent signs of neurological dysfunction. 12, 16 In a couple of cases, these changes were managed surgically with improvement of the clinical signs. 12, 16 We did not observe this kind of changes in our follow-up MRI. In the current study, increased intramedullary hyperintensity was observed in 6 of In summary, SAD has a favorable short-term but poor long-term prognosis after currently used surgical treatment. We suspect that various pathophysiological mechanism might contribute to this outcome including spinal deformity, vertebral column hypermobility, abnormal cerebrospinal fluid flow in the subarachnoid space, and unknown progressive intramedullary mechanisms. We propose that before planning a surgery, an MRI and CT examinations should be performed to investigate possible concurrent vertebral column abnormalities, which have the potential to contribute to SAD pathogenesis. Because these abnormalities could result in dynamic mechanical compression, additional stabilizing procedures should be considered in such cases. In addition, during the surgery, an attempt should be made to remove the dilated bulging dura mater as widely as possible (preferably reaching normally appearing pachymeninges), leptomeningeal adhesions should be carefully dissected, and marsupialization should be performed, but the efficacy of these procedures remains to be explored.
